Iron is essential to life, but excess iron is detrimental as it catalyzes reactive hydroxyl radical 17 production. To prevent iron toxicity, intracellular iron homeostasis is regulated by ferritin, a 18 protein complex composed of a mixture of two subunits: ferritin light chain (FTL) and ferritin 19 heavy chain (FTH). Ferritin expression is regulated post-transcriptionally by the iron response 20 proteins (IRPs), which bind an RNA hairpin -the iron responsive element (IRE) -located in 21 the FTL and FTH mRNA 5ʹ-untranslated region (5ʹ-UTR). Here, we show FTL translation is also 22 regulated in an IRP-independent manner by eukaryotic translation initiation factor 3 (eIF3). We 23 find that eIF3 represses FTL translation by interacting with a region of the 5ʹ-UTR immediately 24 downstream of the IRE. Furthermore, we find that loss of eIF3-mediated regulation of FTL 25 translation likely contributes to a subset of clinically-observed hyperferritinemia cases. 26
citrate (FAC) treatment, which has been suggested to stabilize the complex, the ferritin complex 162 purified from WT cells consistently degraded, unlike the stable complexes from the ∆3RE cell 163 line (Sup. Fig 5) . This implicates eIF3 in regulating not only the abundance of the two ferritin 164 subunits, but also the dynamics and stability of the ferritin complex. Taken Thus, the proximity of the G51C and G52C mutations to the PAR-CLIP site led us to test 196 whether the G51C and G52C SNPs could potentially impact the interaction between eIF3 and 197 FTL mRNA. We generated luciferase reporter mRNAs with mutations in the IRE loop or with 198 either of the G51C and G52C SNPs and used mRNA transfections to test their effects on 199 luciferase translation levels. All of these mutations led to an increase in luciferase levels, 200 indicating that they alleviated translational repression (Fig 4B) . We also observed that the G51C 201 and G52C mRNAs do not interact with eIF3, based on EIF3B immunoprecipitation from 202 transfected HEK293T cells (Fig. 4C) . 203 204 Furthermore, the G51C and G52C SNPs in the context of the full length human FTL 5ʹ-205 UTR have little impact on IRP binding (Fig. 4D) . We used RNA binding competition followed by 206 native gel electrophoretic mobility shift assays to determine the level of 5ʹ-UTR binding to IRP1. 207
We first ensured the RNA competition experiments reached equilibrium -which required at 208 least 11 hours of incubation -by measuring the approximate dissociation rate constant (k off ) of 209
WT FTL 5ʹ-UTR from IRP1 (see methods). In the competition assay, the IRE-loop mutation 210 completely abolished the interaction between IRP1 and the 5ʹ-UTR element (Fig. 4D , Sup. other mRNAs through the specific interactions we identified by PAR-CLIP remains to be 225 determined. Using luciferase reporters and cell lines edited at the FTL locus, we found that the 226 translation (Fig. 3) , or binding of IRP to the remainder of the 5ʹ-UTR containing the IRE (Fig. 2,  228 Fig. 4). However, the basal level of FTL production increases dramatically in the absence of the 229 eIF3 binding site (i.e. Fig. 3 ). Taken together, these results expand the classical model of FTL 230 mRNA post-transcriptional regulation to include the iron-responsive IRP/IRE interaction, and an 231 orthogonal eIF3-dependent repressive mechanism (Fig. 5) . Given the close proximity of the IRE 232 and eIF3 binding sites in the 5ʹ-UTR of FTL mRNA, the interplay of eIF3 and IRP in carrying out 233 this dual repression of FTL translation remains to be determined. It will be interesting in the 234 future to determine whether eIF3 physically interacts with IRP, or if these two repressors act onMoreover, we present compelling evidence implicating the disruption of eIF3-mediated 238 regulation of FTL translation as a cause for certain cases of hyperferritinemia. The specific 239 genetic mutations we analyzed (G51C, G52C) map to the less-conserved lower stem of the IRE, 240
and are predicted to have no direct interaction with IRP1 (PDB: 3SNP) (Walden et al. 2006) . 241
These mutations minimally interfere with IRP's interaction with the IRE, whereas they greatly 242 impact the eIF3-based interaction and FTL translational repression (Fig 4C-E) . The inherent need for a dual repressive system involving IRPs and eIF3 in normal 252 human health remains to be determined. In the experiments presented here, eIF3 regulates FTL 253 translation in an iron-independent manner. It is known that different tissue types express 254 different ratios of FTL to FTH (Harrison and Arosio 1996), and our hypothesis is that eIF3 255 regulates FTL expression to adjust the composition of ferritin subunits in response to immediate 256 changes in the environment. For example, during reperfusion in the heart and brain, excessive 257 oxidative stress accounts for a majority of tissue damage. Maintaining proper iron storage could 258 be critical to mitigate excess radical production. In the ∆3RE cell lines, FTL translation increases 259 substantially, while FTH levels decrease (Fig. 7B, Fig. 8C,D) . We propose that in stress 260 conditions like reperfusion, eIF3 could work to preserve high levels of FTH to FTL (F. M. Torti 261 and Torti 2002). This is supported by the fact that the subunit composition of ferritin shiftsRNAs were purified after DNA digestion by phenol-chloroform extraction followed by ethanol 288 precipitation. 289
For genome editing using CRISPR-Cas9-sgRNA RNA-protein complexes (RNPs) (Kim 290 et al. 2014), sgRNAs were designed using the CRISPR-MIT program. The DNA for transcription 291 was synthesized by appending the sgRNA sequence downstream of a T7 RNA polymerase 292 promoter. The DNA was then purified using phenol-chloroform extraction followed by 293 isopropanol precipitation. After transcription, the RNA products were treated with DNase I 294 (Promega, Cat.# M6101), run on a 10% denaturing polyacrylamide gel (6M urea), and extracted 295 from the gel using the crush and soak method, and then subjected to ethanol precipitation. sequence. The sgRNAs were generated as described above, and targeted regions on both 314 sides of the eIF3 interaction site (Sup. Fig 2A) . The RNP complex was generated by incubating 315 100 pmol Cas9 with the two sgRNAs at a 1:1.2 Cas9 to total sgRNA ratio. This mixture was 316 heated to 37 °C for ten minutes and then kept at room temperature until use. The ssDNA donor 317 was 90 nucleotides long, with 45-nucleotide homology on either side of the predicted double-318 strand cut sites allowing it to have perfect homology to the predicted edited sequence. 319
The Cas9-sgRNA RNP complexes, along with 500 pmol of the ssDNA donor, were 320 
